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Attorney Docket No. 36856.345 

CHIP ELECTRONIC COMPONENTS AND MOUNTING STRUCTURE FOR THE 

SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a chip electronic 
component and a mounting structure therefor, for use with a 
piezoelectric resonator or a piezoelectric filter and, more 
particularly, the present invention relates to a chip 
electronic component and a mounting structure therefor with 
improved external electrodes provided on the outer surface 
of an electronic component element. 

2 . Description of the Related Art 

Conventionally, various chip electronic components are 
used to achieve high-density mounting. 

An example of the related art is disclosed in Japanese 
Unexamined Patent Application Publication No. 3-258107, 
which discloses a chip electronic component having a pair of 
external electrodes provided on both ends of a rectangular 
electronic component element. In this chip electronic 
component, the external electrodes located at both ends are 
arranged to be wound on the upper surface, a pair of side 
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surfaces, and the lower surface on the respective ends of 
the electronic component element , and also to cover both end 
surfaces thereof. In the same publication, another 
electronic component is described as including external 
electrodes that are arranged such that they do not extend to 
the end surfaces . 

Japanese Unexamined Patent Application Publication No. 
6-224681 discloses a chip piezoelectric resonant having 
three external electrodes on the outer surface of a 
piezoelectric resonant having a rectangular board shape. 
This chip piezoelectric resonator has a pair of external 
electrodes provided on both ends of the resonator so as to 
cover the upper surface, a pair of side surfaces, the lower 
surface and the end surfaces thereof, and the third external 
electrode is wound between the pair of external electrodes 
located on both ends so as to cover the upper surface, a 
pair of side surfaces and the lower surface thereof. In 
case where the lower surface is a surface on which the 
electronic component is mounted, the third external 
electrode is provided on the upper surface with a recessed 
portion and a projected portion, each having a width 
different from that of the remaining portion. The third 
electrode is arranged to take a capacitance out and so that 
a desired capacitance may be obtained by adjusting the size 
of a recessed portion and a projecting portion provided on 
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the upper surface thereof . 

When the capacitance is increased, the width of the 
recessed portion and the projecting portion are increased as 
well, whereby it is situated closer to the external 
electrode on the other end. However, the width of the third 
external electrode on the lower surface (mounting surface) 
is reduced to prevent short-circuiting. 

In addition, disclosed in Japanese Unexamined Patent 
Application Publication No. 5-83074 is a chip electronic 
component including a piezoelectric element mounted on a 
case substrate, and a metallic cap bonded on the case 
substrate such that it surrounds the piezoelectric element. 
In the chip electronic component of this type, the case 
substrate is provided with a through hole electrode, one end 
of which is electrically connected to the piezoelectric 
element and the other end of which extends to the lower 
surface of the case substrate. By arranging the portion of 
the through hole electrode to extend to the lower surface of 
the case substrate, the chip electronic component can be 
mounted on the surface of the printed circuit board. 
Therefore, it is bonded to the printed circuit board by 
soldering between the lower surface of the case substrate 
and the printed circuit board. 

When the chip electronic component described in the 
related art section of Japanese Unexamined Patent 
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Application Publication NO. 3-258107 is mounted on the 
printed circuit board, the presence of the external 
electrodes on the side surfaces and the end surfaces of the 
electronic component element results in formation of a 
solder fillet thereon. In other words, a solder fillet is 
formed along the side surfaces and end surfaces of the 
electronic component element extending in a direction that 
is perpendicular to the printed circuit board. Therefore, 
the distances between adjacent chip electronic components 
cannot be reduced, and thus, high-density mounting is 
prevented . 

Due to formation of the solder fillet, when warpage 
occurs on the printed circuit board, the chip electronic 
components are susceptible to a stress caused by the solder 
fillet. As a result, the bonded portions between the solder 
fillet and the chip electronic components are susceptible to 
separation. In addition, the costs of the external 
electrodes are increased because the external electrodes are 
arranged to cover the end surfaces in addition to the upper 
surface, the pair of side surfaces, and the lower surface. 

On the other hand, in the chip electronic component 
disclosed in Japanese Unexamined Patent Application 
Publication No. 3-258107, the external electrodes do not 
cover the end surfaces. Therefore, the cost of the external 
electrodes is reduced in comparison with the chip electronic 
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component disclosed in Japanese Unexamined Patent 
Application Publication No. 3-258107. However, because the 
three external electrodes are wound on the upper surface, 
the pair of side surfaces, and the lower surface of the 
electronic components, when component is mounted on the 
printed circuit board, solder tends to deposit along the 
portion of the external electrode located on the side 
surface of the electronic component elements and thereby 
forming solder fillets. Therefore, when warpage of the 
printed circuit board occurs in the direction of the width 
of the electronic component element, the chip electronic 
component is susceptible to an external stress caused by the 
solder fillets, thereby being susceptible to separation of 
the bonded portion between solder and the chip electronic 
components . 

High density mounting is possible in the longitudinal 
direction because solder fillets are not formed on the end 
surfaces on both longitudinal ends of the electronic 
component element. However, in the direction of width, 
formation of solder fillets prevents high-density mounting. 

In the chip electronic component disclosed in Japanese 
Unexamined Patent Application Publication No. 5-83074, the 
circuit provided in the electronic components is led to the 
bottom surface of the case substrate via a through hole 
electrode. Therefore, it is not necessary to provide the 
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external electrode on the side surfaces and the end surfaces 
of the case. As a result, the mounting density in the 
direction of both length and width of the electronic 
component is increased. In addition, since no external 
electrode exists on the side surfaces and the end surfaces 
of the case substrate, solder fillets are not formed. Thus, 
stress caused by warpage of the printed circuit board is 
reduced in the chip electronic component, thereby increasing 
stability of the bonded portion. 

However, in this type of the chip electronic component, 
through hole electrodes must be formed on the case substrate, 
which increases the complexity of the manufacturing process 
of the case substrate. Further, the mechanical strength of 
the case substrate decreases due to formation of through 
hole electrodes. 

SUMMARY OF THE INVENTION 
To overcome the above -described problems, preferred 
embodiments of the present invention provide a chip 
electronic component and a mounting structure for the same 
that is not susceptible to stress caused by warpage of the 
substrate on which it is mounted, thereby ensuring a 
reliable electrical connection and a strong mechanical bond, 
and, further, simplifying the manufacture of the chip 
electronic component and mounting structure thereof, without 
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requiring complicated manufacturing processes* 

A chip electronic component according to a first 
preferred embodiment of the present invention includes a 
circuit provided in the electronic component, an electronic 
component element having a lower surface and a pair of side 
surfaces, and a plurality of external electrodes arranged to 
extend over the lower surface and to at least one of the 
side surfaces of the electronic component element and 
electrically connected to the circuit therein, wherein each 
external electrode portion provided on the lower surface of 
the electric component element is provided with a narrow 
portion and a wide portion. 

In a specific aspect of the chip electronic component 
according to the first preferred embodiment of the present 
invention, the relation Lx<L2<L 3 is preferably satisfied, 
where Li is the width of the external electrode portion 
located on the side surface of the electric component 
element, L 2 is the width of the narrow portion, and L 3 is the 
width of the wide portion. 

The chip electronic component according to a second 
preferred embodiment of the present invention preferably 
includes a circuit provided in the electronic component, an 
electronic component element having a lower surface and a 
pair of side surfaces, and a plurality of external 
electrodes arranged to extend over the lower surface and at 
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least one of the side surfaces of the electronic component 
element and electrically connected to the circuit therein, 
wherein each external electrode portion on the lower surface 
of the electronic component element is arranged to have a 
substantially uniform width from one longitudinal end to the 
other longitudinal end, and satisfies the relation Li<L3, 
where L 3 is the width of the external electrode portion on 
the lower surface of the electronic component element, and 
Li is the width of the external electrode portion provided 
on the side surface of the electronic component element. 

In the first and second preferred embodiments of the 
present invention, electronic components having various 
functions can be used, however, in one specific preferred 
embodiment of the present invention, a piezoelectric 
resonant component is preferably constructed. 

Although the piezoelectric resonant component 
described above may have various configurations, the 
component preferably includes a piezoelectric resonant 
element and a first case substrate provided on at least one 
surface of the piezoelectric resonant element bonded so as 
not to interfere with the vibration of the piezoelectric 
resonant element of the first and second preferred 
embodiments of the present invention. 

According to another preferred embodiment of the 
invention, the second case substrate is laminated on the 
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upper surface of the piezoelectric resonant element so as 
not to interfere with the vibration of the piezoelectric 
resonant element . 

According to another preferred of the present 
invention, the chip electronic component is provided with a 
cap member mounted on the upper surface of the first case 
substrate such that it surrounds the piezoelectric resonant 
element * 

The mounting structure of the chip electronic 
component according to preferred embodiments of the present 
invention includes a printed circuit board, and a chip 
electronic component according to preferred embodiments of 
the present invention mounted on the printed circuit board 
via a conductive bond, wherein the bonded portion provided 
by the conductive bond is located inside of the outer 
periphery of the chip electronic component as seen from the 
top of the chip electronic component. 

Other features, characteristics, elements and 
advantages of the present invention will become apparent 
from the following description of preferred embodiments 
thereof with reference to the attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view showing a chip electronic 
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component according to a first preferred embodiment of the 
present invention; 

Fig. 2 is an exploded perspective view showing a 
monolithic body of the chip electronic component according 
to the first preferred embodiment; 

Fig. 3 is a plan view in schematic form showing a 
mounting structure using the chip electronic component 
according to the first preferred embodiment; 

Figs. 4A to 4C are bottom views showing alternative 
variations of the chip electronic component according to the 
first preferred embodiment; 

Fig. 5 is a perspective view showing another 
alternative variation of the chip electronic component 
according to the first preferred embodiment; 

Fig. 6 is a perspective view showing still another 
alternative variation of the chip electronic component 
according to the first preferred embodiment; 

Fig. 7 is a perspective view showing still another 
alternative variation of the chip electronic component 
according to the first preferred embodiment; 

Fig. 8 is an exploded perspective view showing a 
monolithic body of the chip electronic component according 
to the alternative variation shown in Fig. 7; 

Fig. 9 is a perspective view of the chip electronic 
component according to a second preferred embodiment of the 
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present invention; 

Fig. 10 is a perspective view showing an alternative 
variation of the chip electronic component according to the 
second preferred embodiment; 

Fig. 11 is a perspective view showing another 
alternative variation of the chip electronic component 
according to the second preferred embodiment: 

Fig. 12 is an exploded perspective view showing still 
another alternative variation of the chip electronic 
component ; and 

Fig. 13 is a perspective view showing still another 
alternative variation of the chip electronic component to 
which the invention is applied. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Referring now to the drawings, the chip electronic 
component and the mounting structure thereof according to 
preferred embodiments of the present invention will be 
described. 

Fig. 1 is a perspective view showing the chip 
electronic component according to a first preferred 
embodiment of the present invention. The chip electronic 
component 1 includes a monolithic body 5 formed by 
laminating the case substrates 3 and 4 on both sides of 
piezoelectric resonant element 2 as an electronic component 
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element. The monolithic body 5 is shown in an exploded 
perspective view in Fig. 2. The piezoelectric resonant 
element 2 includes a substantially rectangular plate shaped 
piezoelectric board 6 of a piezoelectric ceramic, such as 
lead zirconate titanate ceramic. The piezoelectric board 6 
is polarized in the direction of the thickness. In the 
approximate center of the upper surface of the piezoelectric 
board 6, a first vibrating electrode 7a is provided, and in 
the approximate center of the lower surface, a second 
vibrating electrode 8a is provided. The vibrating 
electrodes 7a and 8a are opposed to each other on the upper 
side and the lower side with the piezoelectric board 6 
therebetween . 

The vibrating electrode 7a is connected to a terminal 
electrode 7c via an extending electrode 7b. The vibrating 
electrode 8a is electrically connected to a terminal 
electrode 8c via an extending electrode 8b. 

The first case substrate 3 is laminated on the upper 
surface of the piezoelectric resonant element 2, and the 
second case substrate 4 is laminated on the lower surface of 
the piezoelectric resonant element 2. As is apparent from 
Fig. 2, a recess portion 4a is provided on the upper surface 
of the case substrate 4. The same recess portion is also 
formed on the lower surface of the case substrate 3, though 
it is not shown specifically. The recess portion 4a is 
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provided for defining a space for allowing for free and 
unhindered vibrations of the piezoelectric vibrating portion 
of the energy- trap type produced by the vibrating electrodes 
7a and 8a. 

Therefore, the monolithic body 5 acts as an energy 
trap type piezoelectric resonant component using a 
perpendicular vibrating mode by applying an alternating 
voltage between the terminal electrodes 7c and 8c. 

As is apparent from Fig. 2, the terminal electrodes 7c 
and 8c are arranged to extend to both end portions along the 
width thereof . 

Returning to Fig. 1, the outer surface of the 
monolithic body 5 is provided with first and second external 
electrodes 9 and 10. The external electrodes 9 and 10 are 
preferably substantially ring-shaped so as to wrap around 
the upper surface, a pair of side surfaces and the lower 
surface of the monolithic body 5. 

The external electrodes 9 and 10 are preferably formed 
by applying Cu or Ag by thin film formation such as vapor 
deposition, plating or sputtering, or by thick film plating, 
or other suitable process. 

The external electrodes 9 and 10 are electrically 
connected to the terminal electrodes 7c or 8c at an external 
electrode portion located on the side surface. 

The external electrodes 9 and 10 are configured to 
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have a width Li on the upper surface and the pair of side 
surfaces of the monolithic body 5. Further, the external 
electrodes 9 and 10 are configured to have narrow portions 
9a, 9a, 10a, and 10a, and wide portions 9b and 10b on the 
lower surface. In this preferred embodiment, the wide 
portions 9b and 10b project from the end portions toward the 
center portion of the monolithic body 5 thereby defining a 
substantially rectangular shape as seen from the top. The 
wide portions 9b and 10b are located in an approximately 
central portion between the longitudinal sides of the 
monolithic body 5, and narrow portions 9a, 9a, 10a, and 10a 
are arranged on both sides of the wide portions 9b and 10b. 

In the chip electronic component 1 of this preferred 
embodiment, the relationship Li<L 2 <L 3 is satisfied, where L 2 
is the width of the narrow portions 9a and 10a, and L 3 is 
the width of the wide portions 9b and 10b. 

The chip electronic component 1 of this preferred 
embodiment is mounted on the printed circuit board with the 
lower surface of the chip electronic component 1 contacting 
the printed circuit board. In this case, since there are 
wide portions 9b and 10b provided on the lower surface, an 
excess of solder deposited on the portion of the external 
electrode 9 and 10 located on the lower surface of the chip 
electronic component 1 is deposited on the wide portions 9b 
and 10b. Therefore, as shown in a plan view shown 
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schematically in Fig. 3, solder 11 and 12 is not deposited 
outside of the side surface of the chip electronic component 
1 in a mounted structure. Especially; since the narrow 
portions 9a, 9a, 10a, and 10a are provided on the sides of 
the wide portions 9b and 10b, the tendency of the melted 
solder to flow toward the narrow portions 9a and 10a is 
substantially reduced. 

Therefore, when mounted on a printed circuit board, 
since solder is not deposited in portions of the external 
electrodes 9 and 10 located on the side surfaces of the chip 
electronic component 1, formation of solder fillets on those 
portions is prevented. In this way, no solder fillets exist 
along the length and width of the chip electronic component 
1, thereby enabling increased mounting density. 

Where solder fillets are formed, the chip electronic 
component is susceptible to a stress caused by warpage of 
the printed circuit board. However, the chip electronic 
components 1 according to this preferred embodiment has no 
solder fillets existing thereon, therefore stress caused by 
warpage of the printed circuit board is greatly reduced, and 
thereby reliability of bonding is substantially increased. 

In addition, the formation of the narrow portions 9a 
and 10a and the wide portions 9b and 10b does not require a 
complicated process on the case substrates 3 and 4, so that 
the case substrates 3 and 4 are easily manufactured. 
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Unlike the chip electronic component of the prior art 
in which a through hole is formed in the case substrate, 
because no mechanical process is performed on the case 
substrates 3, there is no reduction of the mechanical 
strength. 

While the wide portions 9b and 10b of the chip 
electronic component 1 according to the first preferred 
embodiment are preferably substantially rectangular, the 
wide portion may also be configured in other suitable shapes. 

Figs. 4A to 4C are bottom views showing alternative 
variations of the configuration of the wide portions. 

In the chip electrode component 12 shown in Fig. 4A, 
the external electrodes 9 and 10 are provided across the 
bottom surface 12a, and the external electrodes 9 and 10 are 
provided with a pair of wide portions 9b, 9b, 10b, and 10b 
in the approximately central portion between longitudinal 
sides of the chip electrode component 12. In this way, it 
is also possible to form a plurality of wide portions on one 
external electrode. 

In the chip electronic component 13 shown in Fig. 4B, 
wide portions 9c and 10c being almost semicircular in plan 
view are provided on the bottom surface 13a thereof. 

In the chip electronic component 14 shown in Fig. 4C, 
wide portions 9d and lOd being almost triangular in plan 
view are provided on the bottom surface 14a thereof . 
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Fig. 5 is a perspective view showing another 
alternative variation of the chip electronic components 
according to the first preferred embodiment. While the 
external electrodes 9 and 10 are provided on the chip 
electronic components 15 shown in Fig. 5 to be wound on the 
upper surface, the pair of side surfaces and the lower 
surface of the monolithic body 5, the external electrodes 9 
and 10 are provided on the upper surface and the pair of 
side surfaces of the monolithic body 5 so as to extend to 
the ends thereof. Other elements are provided in the same 
manner as in the first preferred embodiment. In this way, 
the external electrodes 9 and 10 are provided on the upper 
surface and the pair of side surfaces of the monolithic body 
5 so as to extend to the ends thereof . 

Fig. 6 is a perspective view showing another 
alternative variation of the chip electronic component 1. 
In the chip electronic component 16, the external electrodes 
9A and 10A are arranged to extend over the upper surface 5a, 
end surfaces 5c and 5d, and the lower surface 5b of the 
monolithic body 5. In other words, the external electrodes 
9 and 10 do not extend over the side surface. Therefore, 
since the external electrodes 9 and 10 are arranged to 
extend from the upper surface via the end surface to the 
lower surface, respectively, the longitudinal direction of 
the external electrode is defined to be the direction 
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connecting the upper surface, the end surface, and the lower 
surface. Therefore, when the longitudinal direction is 
defined as described above, the direction of the width of 
the external electrode is defined to be the direction that 
is substantially perpendicular to the longitudinal direction. 

On the lower surface 5b, the external electrodes 9 and 
10 have wide portions 9e and lOe, respectively. The narrow 
portions 9f and lOf extend from the wide portion 9e and lOe 
to the edges defined by the lower surface 5b and the end 
surfaces 5c and 5d. 

Since the wide portions 9e and lOe are provided in 
this preferred embodiment as well, melted solder does not 
overflow toward the narrow portions 9f and lOf , whereby the 
solder is not deposited along the end surfaces 5c and 5d of 
the monolithic body 5, and thus formation of solder fillets 
is reliably prevented as in the first preferred embodiment. 

In the chip electronic component 17 of another 
alternative variation shown in Fig. 7, first , second and 
third external electrodes 18 to 2 0 are provided. The 
external electrodes 18 to 20 are provided in a similar 
manner as the chip electronic components 9 and 10 according 
to the first preferred embodiment. In other words, the 
external electrodes 18 and 20 have narrow portions 18a, 18a, 
20a, and 20a, and wide portions 18b and 20b at the portions 
located on the lower surface of the chip electronic 
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component 17. On the other hand, the external electrode 19 
located between the external electrodes 18 and 2 9 has narrow 
portions 19a, and a wide portion 19b on the lower surface of 
the chip electronic component 17. The wide portion 19b is 
preferably substantially rectangular in plan view, but, 
unlike wide portions 18b and 20b, wide portion 19b projects 
toward both sides along the length of the chip electronic 
component 17. 

Therefore, as in the chip electronic component 1 of 
the first preferred embodiment, the external electrodes 17 
to 19 have narrow portions and wide portions respectively, 
formation of solder fillets is prevented and thereby the 
mounting density is substantially increased, and the bonding 
stability is substantially improved when mounted onto the 
printed circuit board. 

The electronic component element 21 used in the chip 
electronic component 17 is shown in a perspective view in 
Fig. 8. The electronic component element 21 is an energy 
trap type piezoelectric filter using the perpendicular 
vibrating mode. The electronic component element 21 is 
provided with a pair of vibrating electrodes 23a and 24a on 
the upper surface of the piezoelectric board 22. The 
vibrating electrode 23a is electrically connected to a 
terminal electrode 23b provided at one corner portion of the 
piezoelectric board 22, and the vibrating electrode 24a is 
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electrically connected to the terminal electrode 24b formed 
at another corner portion. The lower surface of the 
piezoelectric board 22 is provided with a common vibrating 
electrode 25a thereon. The common vibrating electrode 25a 
is connected to a terminal electrode 25b provided in an 
approximately central portion of the longitudinal edge of 
the piezoelectric board 22. 

The terminal electrodes 24b, 23b are electrically 
connected to the external electrodes 18 and 2 0 described 
above, respectively, and the terminal electrode 25b is 
electrically connected to the external electrode 19. 

In the chip electronic component 17, the electronic 
component element is not limited to the electronic component 
element 21 shown in Fig. 8, and any appropriate 
piezoelectric element of three -terminal type may be used. 

Fig. 9 is a perspective view showing a chip electronic 
component according to a second preferred embodiment of the 
present invention. The chip electronic component 31 is 
provided with a monolithic body 5 having a circuit that 
defines an electronic component therein. The monolithic 
body 5 preferably has substantially the same structure as 
the monolithic body of the first preferred embodiment. In 
other words, it includes case substrates 3 and 4 mounted on 
both surfaces of the piezoelectric resonant element 2 . 

In this preferred embodiment, first and second 
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external electrodes 32 and 33 are provided to be wound on 
the upper surface, a pair of side surfaces, and the lower 
surface of the monolithic body 5. Each external electrode 
32 and 33 is in the shape of a strip having a width of L x on 
the upper surface and the pair of side surfaces of the 
monolithic body 5, and in the shape of a strip having a 
width of L 3 on the lower surface of the monolithic body 5, 
such that Li<L 3 . 

The chip electronic component 31 of the present 
preferred embodiment is formed in such that the width L 3 of 
the external electrode portion 32a and 33a on the lower 
surface of the monolithic body 5 is greater than the width 
Li of the external electrode portion located on the pair of 
side surfaces of the monolithic body 5. 

Therefore, when the chip electronic component 31 is 
mounted on the printed circuit board by bonding the portion 
near the approximate central portion of the external 
electrode portions 32a and 33a of the external electrodes 32 
and 33 located on the lower surface of the monolithic body 5 
by soldering, melted solder does not flow to the side 
surface of the monolithic body 5. 

Since the widths of the external electrode portions L 3 
are increased, the areas of the external electrode portions 
32a and 33a are also increased, and therefore melted solder 
remains on the lower surface of the monolithic body 5, which 
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is bonded to the electrodes (not shown) on the printed 
circuit board. 

Therefore, since solder is not deposited on the 
external electrode portion located on the side surface of 
the monolithic body 5, formation of solder fillets is 
reliably prevented. Consequently, the mounting density is 
increased and the reduced bonding strength caused by solder 
fillets is prevented as in the first preferred embodiment. 

Fig. 10 is a perspective view showing the alternative 
variation of the chip electronic component according to the 
second preferred embodiment. The chip electronic component 
34 shown in Fig. 10 is provided with external electrodes 32A 
and 33A on the upper surface and the pair of side surfaces 
of the monolithic body 5 so as to extend to the shorter ends 
thereof. In other respects the external electrodes 32A and 
33A are the same as the chip electronic component 31 shown 
in Fig. 9. 

Fig. 11 is a perspective view of still another 
alternative variation of the chip electronic component 31 
according to the second preferred embodiment. The chip 
electronic component 3 5 is provided with a first to third 
external electrodes 36 to 38 provided on the outer surface 
of the monolithic body 5. The monolithic body 5 is 
constructed in the same manner as the chip electronic 
component 17 shown in Fig. 7. 
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The first to third electrodes 36 to 38 are provided in 
the same manner as the external electrodes 32 and 33. In 
other words, the width L 3 of the external electrode portions 
36a, 37a, and 38a located on the lower surface of the 
monolithic body 5 is greater than the width Li of the rest 
of the external electrode portion. Therefore, as in the 
chip electronic component 31, the mounting density is 
substantially increased and the reduced bonding strength 
caused by solder fillets is prevented. 

In the chip electronic component according to the 
first and second preferred embodiments, the case substrates 
are laminated on both surfaces of the piezoelectric resonant 
element. However, the chip electronic component according 
to the invention is not limited to the laminated type, but 
is applicable to the chip electronic components of various 
constructions . 

Fig. 12 and Fig. 13 are perspective views showing a 
chip electronic component to which preferred embodiments of 
the present invention is applied. 

The chip electronic component 41 shown in Fig. 12 
includes a first case material 42 constructed of an 
insulating ceramic having an opening that opens upwardly, 
and a piezoelectric filter element 43 disposed therein. The 
cover material 44 as a second case material is bonded to the 
first case material 42 in such that it covers the opening 
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42a into which the piezoelectric filter element 43 is 
disposed. On the outer surface of the substantially 
rectangular electronic component, first, second and third 
external electrodes 45 to 47 are provided. The external 
electrodes 45 to 47 are electrically connected to the 
piezoelectric filter element 43 disposed therein. The 
external electrodes 45 to 47 are respectively provided to 
extend over the upper surface, the pair of side surfaces and 
the lower surface of the case, and the external electrode 
portion extending to the lower surface is provided in the 
same manner as in the first and second preferred embodiments. 

The chip electronic component 48 shown in Fig. 13 is 
provided with a piezoelectric resonant component, not shown 
specifically, mounted on a first case substrate 49, and a 
second case substrate in the form of a cap 50 is bonded to 
the case substrate 4 9 so as not to interfere with the 
vibration of the piezoelectric resonant component in such a 
manner that it surrounds the piezoelectric resonant 
component. The case substrate 4 9 is provided with external 
electrodes 51 to 53 electrically connected to the 
piezoelectric resonant component provided thereon. The 
external electrodes 51 to 53 are provided to extend from the 
upper surface via the side surface to the lower surface, and 
the external electrode portion on the lower surface is 
formed in the same manner as in the first and second 
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preferred embodiments. 

In this way, the chip electrode component to which the 
present invention is applied is not limited to the chip 
electrode component including case substrates laminated on 
the upper surface and the lower surface of the electric 
component element, and it is generally applied to chip 
electronic components using various types of case materials. 

While the chip electronic components according to the 
first and second preferred embodiments are provided with 
external electrodes on the upper surface of the electronic 
component elements, the chip electronic components according 
to the first and second preferred embodiments of the present 
invention may not be provided with external electrodes on 
their upper surfaces. It is not necessary to form the 
external electrode so as to extend over both of the pair of 
side surfaces. In other words, as far as the external 
electrode is formed over one side surface and the lower 
surface, the mounting density is increased and the stability 
of bonding is substantially improved as in the first and 
second preferred embodiment by providing the wide portion on 
the external electrode portion located on the lower surface 
of the electronic component element, or by configuring the 
external electrodes to have a width on the portion located 
on the lower surface to be wider than the width of the 
external electrode portion located on the side surface. 
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The chip electronic component according to preferred 
embodiments of the present invention is not limited to one 
using the piezoelectric resonant element as described above, 
but is also applicable to various monolithic ceramic 
electrical components such as a monolithic capacitor or a 
monolithic thermister, or to various composite components 
such as LC components including a condenser and an inductor 
assembled together. In other words, the present invention 
may be applied to any appropriate electronic components 
having on its outer surface an external electrode to be used 
when being mounted onto the printed circuit board. 

In the chip electronic component according to the 
first preferred embodiment of the present invention, a 
plurality of external electrodes extending over the side 
surfaces to the lower surface of the electronic component 
element are provided with the external electrode portion on 
the lower surface of the electronic component element having 
wide portions, so that an excess of solder remains on the 
wide portion and its tendency to flow to the narrow portions 
when being mounted to the printed circuit board by soldering 
is greatly reduced. Even when solder does flow to the 
narrow portion, it is only small amount of solder and 
therefore melted solder does not deposit on the side surface 
of the electronic component. Therefore, formation of solder 
fillets is reliably prevented. 
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Since solder fillets are not formed on the side 
surfaces, the mounting density is substantially increased. 
In addition, in case where solder fillets are present on the 
chip electronic component, stress caused by warpage of the 
printed circuit substrate when it is being mounted on the 
printed circuit substrate is created. However, since solder 
fillets are not formed on the chip electronic component 
according to the first preferred embodiment of the present 
invention, the bonded portion is not separated by this 
stress. Therefore, the bonding strength of the external 
electrode in the mounted state is substantially improved. 

In addition, since the mounting density and the 
bonding strength are substantially improved by modifying the 
configuration of the external electrodes, or in other words, 
since the case substrate has such a simple construction, 
increased costs of producing the chip electronic component 
are prevented. 

In the chip electronic component according to the 
first preferred invention, when the relationship Li<L 2 <L 3 is 
satisfied, the width of the external electrode portion on 
the side surface of the electronic component element is less 
than the width L 2 of the narrow portion. Therefore, even 
when a small amount of melted solder flows to the narrow 
portion, this melted solder does not reach the external 
electrode portion on the side surface, thereby formation of 
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solder fillets is further reliably prevented. 

In the chip electronic component according to the 
second preferred embodiment of the present invention, a 
plurality of external electrodes extending over the lower 
surface and the side surfaces of the electronic component 
element are provided such that each external electrode 
portion located on the lower surface of the electronic 
component element has a substantially uniform width from one 
shorter end to the other shorter end, and that the width L 3 
of the external electrode portion on the lower surface is 
greater than the width L x of the external electrode portion 
located on the side surfaces of the electronic component. 
Therefore, melted solder remains on the external electrode 
portion located on the lower surface or the electronic 
component element when being mounted on the printed circuit 
board, as in the case of the chip electronic component 
according to the first preferred embodiment of the present 
invention. Consequently, formation of solder fillets is 
reliably prevented. 

Therefore, the mounting density is substantially 
increased and bonding stability in the state of being 
mounted is achieved as in the case of the chip electronic 
component according to the first preferred embodiment. In 
addition, since the mounting density and the bonding 
strength are achieved only by modifying the configuration of 
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the external electrode, the cost of the electronic component 
is not increased. 

The chip electronic components according to the first 
and second preferred embodiments of the present invention 
may be applied to the chip electronic components using 
various types of electronic component elements, and when a 
piezoelectric resonant element is used as an electronic 
component element, the high-density mounting is achieved and 
a chip piezoelectric resonant component having a 
satisfactory bonding strength is provided according to the 
present invention. 

In this case, a chip piezoelectric resonant component 
in which high-density mounting and a reliable bonding are 
achieved by using the piezoelectric resonant component 
including a piezoelectric resonant element and a first case 
substrate bonded on at least one surface of the 
piezoelectric resonant element so as not to interfere with 
the vibration of the piezoelectric resonant element, and by 
forming an external electrode on the first case substrate 
according to the present invention. 

When the second case substrate is laminated so as not 
to interfere with the vibration of the piezoelectric 
resonant element on the upper surface of the piezoelectric 
resonant element, a chip piezoelectric resonant component of 
laminated type is provided. 
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When a cap member is mounted on the upper surface of 
the first case substrate in such a manner that it surrounds 
the piezoelectric resonant element, a chip electronic 
component with a cap in which the mounting density and the 
bonding stability is substantially improved is provided 
according to various preferred embodiments of the present 
invention. 

In the mounting structure of the chip electronic 
component according to preferred embodiments of the present 
invention, the chip electronic component according to 
preferred embodiments of the present invention is mounted on 
the printed circuit board. In this case, the portion bonded 
by a conductive bond is located within the outer periphery 
of the chip electronic component as seen from the top of the 
chip electronic component, thereby significantly increasing 
the mounting density. 

While preferred embodiments of the invention have been 
disclosed, various modes of carrying out the principles 
disclosed herein are contemplated as being within the scope 
of the following claims. Therefore, it is understood that 
the scope of the invention is not to be limited except as 
otherwise set forth in the claims. 
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WHAT IS CLAIMED IS: 

1. A chip electronic component comprising: 
a circuit; 

an electronic component element having a lower surface 
and a pair of side surfaces; and 

a plurality of external electrodes arranged to extend 
over the lower surface and at least one of the side surfaces 
of said electronic component element and electrically 
connected to the circuit therein; wherein 

said each external electrode portion provided on the 
lower surface of the electric component element is provided 
with a narrow portion and a wide portion. 

2. The chip electronic component according to claim 1, 
wherein the relationship L!<L 2 <L 3 is satisfied, where Li is 
the width of the external electrode portion located on said 
at least one of the side surfaces of said electric component 
element, L 2 is the width of said narrow portion, and L 3 is 
the width of said wide portion. 

3. The chip electronic component according to claim 1, 
wherein said wide portion is substantially rectangular. 

4. The chip electronic component according to claim 1, 
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wherein said wide portion is substantially circular. 

5. The chip electronic component according to claim 1, 
wherein the wide portion is substantially triangular. 

6. The chip electronic component according to claim 1, 
wherein a second wide portion is provided on the lower 
portion of the electronic component element. 

7. The chip electronic component according to claim 1, 
wherein said electronic component element includes a 
piezoelectric resonant element. 

8. The chip electronic component according to claim 7, 
further comprising a first case substrate bonded to at least 
one side surface of said piezoelectric resonant element so 
as not to hinder the vibration of the piezoelectric resonant 
element . 

9. The chip electronic component according to claim 8, 
further comprising the second case substrate laminated on 
the upper surface of said piezoelectric resonant element so 
as not to hinder the vibration of the piezoelectric resonant 
element . 
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10 . The chip electronic component according to claim 

7, wherein said electronic component element further 
comprises a first case member and a second case member 
surrounding said piezoelectric resonant element. 

11. The chip electronic component according to claim 

8, wherein a recess is provided in the first case substrate. 

12 . The chip electronic component according to claim 

9, wherein a recess is provided in the second case substrate. 

13. A mounting structure of a chip electronic 
component comprising a chip electronic component mounted on 
said printed circuit board via a conductive bond according 
to claim 1, wherein the bonded portion defined by a 
conductive bond is located inside of the outer periphery of 
the chip electronic component as seen from the top of the 
chip electronic component. 

14. A chip electronic component comprising: 
a circuit; 

an electronic component element having a lower surface 
and a pair of side surfaces; and 

a plurality of external electrodes arranged so as to 
extend over the lower surface and at least one of the side 
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surfaces of said electronic component element and 
electrically connected to the circuit therein; 

wherein each external electrode portion on the lower 
surface of the electronic component element is arranged to 
have an almost uniform width from one longitudinal end to 
the other, and satisfies the relation Li<L 3/ where L 3 is the 
width of the external electrode portion on the lower surface 
of the electronic component element, and Li is the width of 
the external electrode portion formed on the side surface of 
the electronic component element. 

15. The chip electronic component according to claim 

14, wherein said electronic component element includes a 
piezoelectric resonant element. 

16. The chip electronic component according to claim 

15, further comprising a first case substrate bonded to at 
least one side surface of said piezoelectric resonant 
element so as not to hinder the vibration of the 
piezoelectric resonant element. 

17. The chip electronic component according to claim 

16, further comprising the second case substrate laminated 
on the upper surface of said piezoelectric resonant element 
so as not to hinder the vibration of the piezoelectric 



- 35 - 



resonant element. 

18. The chip electronic component according to claim 

15, wherein said electronic component element further 
comprises a first case member and a second case member 
surrounding said piezoelectric resonant element. 

19. A mounting structure of a chip electronic 
component comprising a chip electronic component mounted on 
said printed circuit board via a conductive bond according 
to claim 14, wherein the bonded portion defined by the 
conductive bond is located inside of the outer periphery of 
the chip electronic component as seen from the top of the 
chip electronic component. 

20. The chip electronic component according to claim 

16, wherein a recess is provided in the first case substrate. 

21. The chip electronic component according to claim 

17, wherein a recess is provided in the second case 
substrate . 
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ABSTRACT OF THE DISCLOSURE 



A chip electronic component capable of being mounted 
with high density while preventing separation of bonded 
portions caused by solder fillets without requiring a case 
member having a complicated structure is provided at a low 
cost. The chip electronic component includes an electronic 
component element board including a circuit that defines an 
electronic component therein and having a pair of side 
surfaces and a lower surface, and a plurality of external 
electrodes extending over at least one of the side surface 
and the lower surface of the electronic component element 
and being electrically connected to the circuit provided 
therein. The electrode portion provided on the lower 
surface of the monolithic body as an electronic component 
element of each external electrode is provided with narrow 
portions and wide portions provided thereon, and the narrow 
portion continues to the external electrode portion provided 
on the side surface thereof. 
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